An adeptness modified Adomian decomposition method (MADM) is proposed to solve a generalized system of Emden-Fowler type. By a few examples, it is shown that this method can overcome a singular initial value problem.
Introduction
Various methods can be used to approach the analytical solution for nonlinear differential systems, such as the Adomian method [1] , the variation iteration method [2] , differential transform [3] , and novel iterative method [4] . The Adomian decomposition method (ADM) and MADM have made it possible to solve a few ODE problems in the recent years. For this reason, we propose MADM for solving the following system:
(0) = 0 ,
= 1 ,
where 1 , 2 , 0 , V 0 , 1 , V 1 , ∈ R. This is a generalized system containing the equations which are called Emden-Fowler equations and that would be found in Wong [5] . An equation of this type has been of interest for many searchers in various areas of physics and mathematics because of its deep structure. Examples are as follows: in chemical field, Zhao et al. mention a problem of an autocatalytic chemical reaction [6] , Zhai et al propose an application on the elasticity [7] , and Li et al. present in [8] a developing model for an enterprise.
As regards the Emden-Fowler systems (EFS), BidautVeron et al. in [9] study an EFS of radial type, dealt specifically with the p-laplacian operator. Böhmer et al. in [10] present an EFS modeling an application for a polytropic perfect fluid.
Here, motivated by the works of Wazwaz [11] where the ADM recommend for getting an analytic solution and Biazard et al. [12] in which the MADM is used, we propose an efficient method to calculate an exact and/or an approximate solution for a larger class of generalized EFS. This paper is organized as follows. Section 2 contains the proposed MADM for resolving the EFS. A few examples are given in Section 3 followed by a comparison between the exact solutions obtained by MADM and many numerical results are treated in Section 4. 
with ( ) = ( ( ), V( )) and = (ℎ 1 ( ), ℎ 2 ( )) , where is a linear operator and is a nonlinear operator. The MADM admits the decomposition into an infinite series of components. We assume
and
where , are called the Adomian polynomials for all ∈ N.
In the case of problem (1a), (1b), and (1c), the inverse operator
. Applying the inverse operator −1 , on both sides of (1a)-(1b) and considering (4), we get
where ( ) = ( 1 / ) and (V) = ( 2 / )V . We note that we have a similar expression obtained from and V. We also note that we have intercalating the expression
) in (5a) similar to (5b), where is an artificial parameter and for all ∈ N, and are unknown coefficients.
The calculus of the components and V , ∈ N, could be summarized as follows using (5a) and (5b). We can see Adomian et al. in [1] for more details.
We find 0 = ( 0 , V 0 ) as follow:
) .
(6b)
To find the coefficients and , we put 1 = V 1 = 0; we immediately verify = V = 0 for all ≥ 1, and in the last, set = 1, to find the solution of problem (1a), (1b), and (1c) in the form
Numerical Results
Thanks to precise examples of a singular initial value linear system, nonlinear systems, two unknowns and three unknowns, we can illustrate the suggested method. As well, the system of Emden-Fowler equations is solved to demonstrate the applicability and suppleness of the method for solving even more problems. For simplicity reasons and without limiting the generality of the foregoing, we have considered the initial conditions (0) = V(0) = ±1, (0) = V (0) = 0 in all the examples of this paper.
Example . First, we aim to illustrate the MADM method by using the following system of linear equations of EmdenFowler type with 1 = 2 and 2 = 3.
To solve this problem by the new method, let us write (10a), (10b), and (10c) using (5a), (5b) as follows:
Using (6a) and (6b) we get
The principle of the MADM is to compute the coefficients and , ≥ 0, by putting 1 ( ) = V 1 ( ) = 0 and using the expressions (7a) and (7b)
Thus,
And
By equating the coefficients of and setting p=1, we can easily determine and by 
Also we can show that 3 = 3 = 0 and 4 = 4 = 5 From (9a) and (9b) we get the solution of system (10a), (10b), and (10c) 
This gives the exact solution of (10a), (10b), and (10c)
Example . Consider the cylindrical and spherical equation which is the system of nonlinear Emden-Fowler equations
In the same way as the above example, we substitute the expressions of ( ,
, and = V 2 in (5a) and (5b). And then we use (6a) and (6b); we obtain
To Find and , ≥ 0, we put 1 ( ) = V 1 ( ) = 0 and = 1 using (7a) and (7b). By equating the coefficients of 2 , 4 , ⋅ ⋅ ⋅ , we get
Then the analytic solution of system (21a), (21b), and (21c) is ( ( ) , V ( ))
Example . We can also extend the examples to a system of three unknowns containing linear or nonlinear Emden-Fowler equations. We offer the following system:
Using the same way, we get
Putting 1 ( ) = V 1 ( ) = 0 and = 1 and using (7a) and (7b), we get
also 1 = 0, 1 = 6 and 1 = 0, 2 = 2 = 0 and 2 = 12,
We verify = 0 if ̸ = 0, = 0 if ̸ = 1, and = 0 if ̸ = 2. This gives the analytic solution of system (26a), (26b), (26c), and (26d) which is given by
This example was also studied by Wazwaz in [13] , using the variational method but the solution contained noise terms. The noise terms are a phenomenon which often appears in the system of inhomogeneous equations of Emden-Fowler.
As a result, this proposed method is relatively easy to calculate the coefficients , , , ⋅ ⋅ ⋅ of a system with only two or three unknowns. We can extend this method to a system containing more unknowns, but we need help from symbolic computation Software.
Example . Next we study the nonlinear system of EmdenFowler equations
(0) = 1,
This system consists of two spherical equations because
To solve this system by the new method, we substitute the expressions of ℎ 1 ( ) = 0, ℎ 2 ( ) = 0, ( , V) = (2/ ) − 4V, ( , V) = (2/ )V + 4 , = V 2 − 2 , and = 
In addition, we also calculate ( 1 , V 1 ). To Find and , ≥ 0, we put 1 ( ) = V 1 ( ) = 0 and = 1 using (7a) and (7b). By equating the coefficients of 2 , 4 , ⋅ ⋅ ⋅ , we have 
For this system, the exact solution is no longer obvious. To validate the decomposition method, a comparison was made between the MADM method and Adams-BashforthMoulton (ABM) method, Table 1 . Despite the high performance of ABM method, it cannot solve the EFS on an interval containing zero due to the singularity of the initial conditions. This requires changing the study domain of [0, ] to [ , ] ( = 1/1000). This comparison is made in the neighborhood of zero (see Figure 1 ) because, usually, the decomposition method gives the solutions in the Taylor series form, at zero. 
Conclusion
In this paper, a new modification of Adomian method was introduced to solve systems of singular initial value problems of Emden-Fowler type of equations with 1 , 2 = 1, 2, or 1 , 2 > 2. We demonstrate that this method can be well suited to attain analytical solutions by only requiring the calculation of the first Adomian polynomial. The obtained results demonstrate reliability and effectiveness of the employed method.
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